The spraying of herbicides in crops has become the main form of weed control. Although it means unexpected effects on non-target plants resulted by spraying drift. Thus, improvements in application techniques, as the best selection of spray nozzles and adjuvant, are essential to avoid environmental contamination and economic losses. On this work, we evaluate how much adjuvant associated with nozzles can reduce the spray drift. The nozzles used at experiment were air induction flat tip, hollow cone and twinjet and the spray liquids, which were composed of herbicide glyphosate and phosphatidylcholine + propionic acid adjuvant. Measurements were made at wind tunnel and droplet sizer, at laser diffraction method. The models of nozzles influence in droplet size characteristics and in occurrence of spray drift. The use of adjuvants reduces the spray drift only combined with the twinjet nozzle, while for the other models the adjuvant did not reduce the global spray drift at significant levels. The adjuvant reduced the spray drift until 39%, while the nozzles model reduced until 74%. Both techniques when combined were able to reduce until 80%. The model of nozzle has the biggest result on drift mitigation and the use of adjuvants can increase the drift mitigation specially with nozzles that produces smallest droplets.
Introduction
The spraying drift is associated with meteorological conditions at the spraying ganisms [1] . To reduce this impact, legislation and communities are imposing increase of droplets sizes. Hydraulic nozzles with air induction technology can result in significantly gains with reduction of the volume of spraying susceptible to drift [2] and it has been adopted to drift reduction.
The model of nozzle has great importance on the drift potential, mainly when we compare different droplet formation, as the air induction technology, flat fan and hollow cone nozzles. So, an important reduction of spraying drift can be possible with the correct choosing of the nozzle type [3] [4] . The adoption of smallest droplets, aiming at bigger coverage values, results also in larger amount of drift [5] . On the other hand, the adoption of biggest size of droplets can result in losses of spraying liquid with the bounce and runoff on the leaves surface [6] .
Those kinds of losses can be avoided with right choose of nozzle model and work pressure or with use of adjuvants with specific properties. In case of nozzles with air induction technology, it can bring good effects on the spraying drift reduction with the smallest droplets and improve the retention of the biggest droplets [3] [6] .
So, the combination to the type of nozzle and the composition of the spraying liquid affects the drift potential [7] , where some mixtures can give results with different nozzles, with better and worst results for each one, due the action on the physical-chemical characteristics of the spraying liquid. It causes changes in the instant of the partition of droplets on the spray jet, changing the size and the uniformity of the droplets [6] [8] .
Identifying the best method of drift reduction can bring us the possibility of reducing drift losses, increasing the efficiency of applications and reducing environmental contamination. So, the aim of this work was to characterize the droplets produced by flat fan nozzle, air induction and hollow cone nozzles with spraying liquids composted of glyphosate with and without adjuvants and quantify the spray drift.
Material and Methods

Local and Treatments
The experiment was conducted in fully randomized design, with six treatments, composed by three models of nozzles and two spraying liquids, with four repetitions.
The models of nozzles were: air induction flat (AIXR11002VP), hollow cone ) was added to measuring the deposits.
For the droplet size characterization and the drift measuring, evaluations were done with laser diffraction equipment and wind tunnel, respectively, which will be detailed next.
Droplet Size Characterization
For the droplet size characterization were used a Laser Diffraction Particle Size Analyzer (Mastersizer S®, version 2.19). The laser diffraction measures particle size distributions by measuring the angular variation in intensity of light scattered as a laser beam passes through a dispersed particulate sample. Large particles scatter light at small angles relative to the laser beam and small particles scatter light at large angles. The angular scattering intensity data is then analyzed to calculate the size of the particles responsible for creating the scattering pattern [9] .
From the information generated by the Mastersizer software, the volumetric mean diameter (VMD), the coefficient of uniformity (Span) and the percentage of droplet volume with the size smaller than 100 μm (<100 μm) were used. For
Span determination, the droplet sizes that divided the spray volume in 10, 50
and 90% were used (DV0.1, DV0.5 and DV0.9), calculated by the relation between the differences of DV0.9 and DV0.1 by DV0.5 ((DV0.9-DV0.1)/DV0.5):
the smaller the value, the more uniform the spray droplets. The parameter <100 μm corresponds to droplet sizes that are more susceptible to drift.
The spraying was driven by compressed air and the pressure was maintained with a precision pressure regulator. It was used a device to move the nozzles so that, in 1.5 second, all of the spray jet pass by the laser and through this collect, a representative sampling of all the droplet sizes produced by the nozzle is read.
The results for the uniformity coefficient (Span), Volumetric median diameter (VMD) and volume of droplet with size smaller than 100 µm (<100 µm) were submitted to variance analyze by the F Test and the means were compared by the Tukey test (5% of probability).
Drift Evaluation in Wind Tunnel
The . These extracts were analyzed by the spectrophotometer and the results were used to create the equations necessary for the calculation of the concentration of dye extracted from the collectors after the applications of the treatments.
After the spraying, the wires were collected and placed in PVC tubes with 12.7 mm × 500 mm, filled with 25 mL of distilled water, where they were washed out with manual shaking (20 seconds). The solutions were analyzed by a spectrophotometer at 630 nm.
The drift reduction potential was estimated using the value obtained from the sum of all the values found for each treatment. The highest drift value was used as the standard, and from this, the amount of drift reduction obtained in each other treatment was calculated. We calculate how much was attributed to the nozzle and to the adjuvant, including the value obtained from the combination of both drift reduction techniques. It was represented as a percentage of drift reduction.
Statistical Analysis
The data were analyzed by descriptive statistical techniques and the means were compared by the Tukey test (5% of probability).
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Results
The model of the nozzle influences on the droplet size characteristics and on the occurrence of spray drift. The use of adjuvants resulted in the reduction of spray drift only combined with the twinjet nozzles, while for the other models the adjuvant did not reduce the global spray drift at significant levels.
Droplet size Characterization
For the VMD parameter, the flat air-induction nozzle resulted in larger droplets, differing statistically from the others. For this model, the use of adjuvant re- 
Drift Evaluation in Wind Tunnel
The twinjet nozzle without adjuvant resulted in the largest amount of drift in all of the collectors in the wind tunnel. With the use of adjuvant, were observed decrease of drift on most of the collect points ( Figure 2 and Figure 3 ). For the hollow cone nozzle, no significant difference was found in the occurrence of Figure 1 . Volumetric median diameter (VMD), percentage in volume of droplet with size smaller than 100 µm (<100 µm) and uniformity coefficient (Span). Columns with the same lower-case letters do not differ at 5% probability level at Tukey test. Least significant difference (LSD) = 7.29, 3.04 and 0.08 for VMD, <100 µm and Span, respectively. between the vertical points (LSD 3.28) and lower-case letter for treatments in each vertical point (LSD 3.14) do not differ at 5% probability level at Tukey test. The twinjet nozzle without adjuvant resulted in the largest amount of drift in all the horizontal points. With adjuvant, for this nozzle, the spray drift was significantly reduced in all the analyzed samples ( Figure 3 and Figure 4 ). For the hollow cone nozzle, it was found a significant difference for the occurrence of drift in the presence of adjuvants only at the point of 10 meters. The air induction nozzle provided the lowest spray drift along the length of the wind tunnel, regardless of the presence of adjuvant.
All the nozzles analyzed promoted the highest amount of spray drift at the collector point located closer to the spray boom and to wind tunnel floor, values that differed significantly from the other collection distances.
We found a high correlation between all the parameters analyzed (Table 1) . A negative correlation was found between the drift to the VMD and Span, which means that thinner spray droplets and lower coefficient of uniformity result in the greater amount of drift. On the other hand, the lower percentage in volume of droplets smaller than 100μm resulted in the least amount of drift (positive correlation).
Considering the drift reduction, the flat air-induction nozzle reduced the drift in almost 74% from the highest value of drift, encountered for the twinjet nozzle, without adjuvant. If we consider the potential of drift reduction attributed for the adjuvant, for the twinjet nozzle, the result was also very impressive: almost 40%. When both drift reduction techniques were used combined, the drift re- hollow cone nozzles, addition of adjuvant resulted in a reduction of 9.5% of drift whereas for the air induction nozzle, addition of adjuvant resulted in drift reduction of 25%, but for these nozzles, the values were already low, even those without adjuvant.
Discussion
The flat air-induction nozzles have the characteristic to produce larger droplets, The percentage in volume with smaller droplets (<100 µm) is influenced by the nozzle model and this information give us an idea about the amount of spray that will potentially be drifted [13] . This can be confirmed with the wind tunnel, where the flat air-induction nozzles, that have lower amount of smaller droplets, result in lower amount of drift on the samplers located in there [14] .
As a rule, flat air-induction nozzles produce droplets less uniform when compared with massive droplets [3] [15] . This affirmation cannot be true when we modify the constitution of the spraying liquid, as when we add Li-700®, resulting in large increases of the uniformity, especially for this kind of nozzles.
The occurrence of spray drift can be influenced by the spraying liquid constitution. In most of the cases, the spraying liquid with Li-700® presented lower amount of spray drift than the spraying liquid with only glyphosate. The adjuvants can change the droplet spectrum and, if this change results in increase in the VMD or in the reduction of volume of droplets smaller than 100 µm, they can result in less drift [16] [17] .
If the model of the nozzle and the constitution of the spraying liquid influence the droplet characteristic, the combination of these parameters can also produce F. Griesang et al.
unexpected results. Thus, the knowledge of the effect of the product on the droplets size formed with different nozzle models is very important [4] [12] . The use of adjuvants for the mitigation of the spray drift is not very relevant for flat air-induction nozzles because of the larger droplets that they produce. On the other hand, adjuvants can be very useful for fine droplets, which are commonly used to control fungal diseases and pests in agricultural crops, and they can be recommended to reduce spray drift in the field.
Considering the conditions that this research was carried out, it was evident the effect of Li-700 ® adjuvant in the reduction of drift with thinner droplets, as those produced by the twinjet, found in the wind tunnel. The adjuvant had no influence on the occurrence of drift to the air-induction nozzle (AIXR 11002), although it did show significant increases in DMV and improvements in droplet uniformity. Further researches should be done with other types of products, evaluating the effect of adjuvants and nozzles on the quality of droplets formed, the occurrence of spray drift, as well as the effectiveness of the treatments and the safety of the application.
Conclusion
The model of air-induction nozzle has the biggest influence on mitigation of drift of droplets, impacting more than 70%, and combined with use of adjuvants the drift reduction reached 80%, being good indication for safer applications.
